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Demand for Copper

Copper usage has increased by 3.4%

T | annually since the 1900's.
Probable Projects -
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Reliance on renewable energy and EV’s
will continue to drive global demand.
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New discoveries are needed to meet
Wood Mackenzie (2019) Cu demand.
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Porphyry Magma Fertility — Trace Elementsin Zircon (TEZ)




Regional Geology

Variable Proterozoic Continental Basement

Laramide Arc

e Arc magmatism migrated eastward

e Composite intrusive complexes

e Dioritic to granitic intrusions

e Magma Composition evolved to be more
silicic

 Mineralizing intrusions during final stages

of magmatism

Cenozoic Extension
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Previous Geochronology

Superior District (ca. 75.2 to 63.5 Ma)
e Silver King ca. 75.2 to 72 Ma

e Magma Vein ca. 73.1 to 65.1 Ma

e Resolution ca. 70.4 to 63.5 Ma

e Superior East ca. 65 to 63.5 Ma

Globe-Miami District (ca. 69.8 to 59.9 Ma)
e Schultze Pluton (ca. 69.8 to 59.9 Ma)

e Pinto Valley/ Carlota (ca. 64.1 to 63.1 Ma)

e Miami-Inspiration (ca. 65.3 to 62.0 Ma)

Christmas (ca. 66.1 to 63.9 Ma)
Ray (ca. 72.1 to 64.4 Ma)

(Hehnke et al., 2012; Seedorff et al., 2019)
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Figure 3. Seedorff et al. (2019)
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Samples

Superior District — Silver King

e 19CH-AZ1A (equigranular quartz diorite stock) :

e 19CH-AZ1B/D (equigranular monzonite dyke)
e 19CH-AZ1*A (grauss)
e 19CH-AZ2/FZ (fluvial-sand)

Globe-Miami District

e 19CH-AZ6 (porphyritic granodiorite)
e 19CH-AZ4/FZ (fluvial-sand)

e 19CH-AZ7/FZ (fluvial-sand)

Christmas
e 19CH-AZ9 (porphyritic monzodiorite)
e 19CH-AZ9-XMAS (grauss)

Ray
e 19CH-RAY (porphyritic granite)
e 19CH-AZ10-RAY2 (grauss)
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Samples

Superior District — Silver King

e 19CH-AZ1A (equigranular quartz diorite stock) “ ;

e 19CH-AZ1B/D (equigranular monzonite dyke)
e 19CH-AZ1*A (grauss)
e 19CH-AZ2/FZ (fluvial-sand)

Globe-Miami District
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Christmas
e 19CH-AZ9 (porphyritic monzodiorite)
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Ray
e 19CH-RAY (porphyritic granite)
e 19CH-AZ10-RAY2 (grauss)

w THE UNIVERSITY OF BRITISH COLUMBIA

Geology after Seedorff et al. (2019)

'\- T o Qe - = aWE
e A 3
hhri:opaCoum 2 @ ;
“‘_‘rilhﬁéﬁiwtv% * & =
> Post-Laramide rocks
“19¢H- Az4/lg;-
— (g};’ !Ig . Intrusive rocks,
83.2;1072 mostly Laramide
1386;"1604
et Carlo Pre-Laramide
supracpustal rocks
{70/
] L Precambrian Oracle/
] Silver King ) . P ok ] - .
19CH-AZ2 : 4 ‘ o ALY e Ruin Granite (1.4 Ga)
G e, O S S, |
89.4Ma) aCHATT™ A('}OOMa] \ /,J,‘r/ P (L /\\\),-'_}5@ Precambrian Madera
superior 82 Magma \ ;‘Z | i f ’J‘/“, Diorite (1.6 Ga)
L =) S 3 :
% % Resolution s ///70/4‘_’ é Precambrian Pinal
i i /L-jg/ e N Schist (1.8 Ga)
e )
3 §# 5’% 9 @) Rock Sample
e : Grauss Sample
-~ Fluvial-stream Sample
*  Town
W oaiaziok , Porphyry deposit /
I & (65.44 Ma) \ prospect
Pe Chrlstmas’ N
SN
\ f A
7
\ District_ _ __,
’(50 i
)’KJ 2, - / — ~
5
%, Chillito N
o gs—\
\ ( Christmas. C\H AZ9.(60°9 Ma) ,
\ \ e R \_ 19CH-# A29 XMAS (0.58 Ma)
~ -
\ = \_ih—

B i
; kaet’man

v, T
R i



€

'\. ; \ AT T e

110.625°W'

Maricopa Coum

““‘ﬂhﬁéﬁiwy% a2 & A & N [~
S &
es Ly o) 4 .
A ; 2 & , Citi

Post-Laramide rocks

Superior District — Silver King o (f"g e 2 G sve oo
; 83,2,1072.36; | . mostly Laramide

1386;"1604 : - g
. Carlo s ; ; 64.0; Pre-Laramide
supracpustal rocks

e 19CH-AZ1A (equigranular quartz diorite stock) ;
e 19CH-AZ1B/D (equigranular monzonite dyke) T < ; R
e 19CH-AZ1*A (grauss) m.m»f{*.if"“’“‘"g M o T g Ruin Granite (1.4 Ga)

(57_9; 731;  19€H-AZ1A (72.6 Ma)

k- ¢ A / L)’/ " .
e 19CH-AZ2/FZ (fluvial-sand) st SRR J//\f\o”* Precambrian Madera

Superior ¢ x::agma \ //;z /;;, ;/ /’/ p ~// FI?rlonte (b1r6a ::).nal
° ° ° ° Resolution . = ecampri 1
Globe-Miami District T . & Schiet (18,63

Rock Sample

e 19CH-AZ6 (porphyritic granodiorite) iy Ray Dlstrlct Bilkate Grauss Samplé

e 19CH-AZ4/FZ (fluvial-sand) 0 se BT ol \‘ 4 g e
e 19CH-AZ7/FZ (fluvial-sand) ( lgctgsmg} LN - :\,\.\ L N ﬁfgfﬁgg"e"""”*
. 2Ma) o
Christmas = < @,,-
ey . . 3 v s
e 19CH-AZ9 (porphyritic monzodiorite) %), //‘-/
- - ’S{\f{),//) C.l.na
e 19CH-AZ9-XMAS (grauss) N s c,,,,,ms/@"“éﬁm(emna)
17 \ 0/,, ® \_ 19CH- A.Z.QXMAS (60.58 Ma)

Ray
e 19CH-RAY (porphyritic granite)
e 19CH-AZ10-RAY2 (grauss)

% THE UNIVERSITY OF BRITISH COLUMBIA Geology after Seedorff et al (2019)




Geochronology — Superior District

Silver King stock
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Geochronology — Globe-Miami District (Schultze pluton)

S C h u Itze p I u to n 19CH-AZ4/FZ 19CH-AZA/FZ Miocene and Laramide

Porphyritic granodiorite 64.2% 3.1 Ma A W
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*  Proterozoic 1603+ 69 Ma (9/56) e ey
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Geochronology — Christmas

Christmas stock 19CH-AZ9 & 19CH-AZ9-XMAS Age Ma (Pb206/U238) 19CH-AZ9 & 19CH-AZ9-XMAS

Ce/CeN* ThiUu REE
Porphyritic monzodiorite 60.9% 1.3 Ma
e 60.9% 1.3 Ma autocrysts (11/30)
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Geochronology — Ray

19CH-AZ-RAY 15CH-AZ10-RAY2
0.0125

Granite Mountain pluton

Porphyritic granite 64.34+ 4.57 Ma / w
T oome -
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Porphyry Magma Fertility

Porphyry Deposits

Key Magmatic Parameters (Proxies in Zircon)
1) Oxidation State (Eu/Eu*, Ce/Ce*, & AFMQ)
2) Temperature (Ti-in-zircon-thermometer)
3) Water Content (Eu/Eu*)

4) Metal Content

5) Chlorine Content

6) Sulphur Content

Eu/Eu* =0.15
Temp = 750°C

v Vv Barreq/

Eu/Eu* = 0.27
Temp = 800°C

V v V

Eu/Eu* =0.35
Temp = 850°C




Trace Hementsin Zircon (TEZ)

Fractionation
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Fertile young population
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Trace Hementsin Zircon (TEZ)

Age Ma (Pb206/U238) : Th/U
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Trace Hementsin Zircon (TEZ) - Fractionation .
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Trace EHementsin Zircon (TEZ) - Magma Recharge
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Trace Hementsin Zircon (TEZ) — Porphyry Fertility Indicators
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Trace Hementsin Zircon (TEZ) — Internal Zoning
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Summary

Laramide plutonism in the district ranged from ca. 81 to 56 Ma.
Magma chemistry continuously evolved throughout plutonism.
Fractionation became amphibole dominated ca. ~69 Ma.

Younger intrusions were oxidized, hydrated and crystalized at
lower temperatures.

Late magmatism may have included mafic magma recharge.

Zircon zoning textures can identify key porphyry-fertility and
magmatic fractionation characteristics.
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